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Background: It is valuable to find the potential activity of regulating the excessive mucin secretion by the compounds 
derived from various medicinal plants. We investigated whether acjueous extract of the root bark of Morus alba L. (AMA), 
kuwanon E, kuwanon G, mulberrofuran G, and morusin significantly affect the secretion and production of airway mucin 
using in vivo and in vitro experimental models. 

Methods: Effect of AMA was examined on hypersecretion of airway mucin in sulfur dioxide-induced acute bronchitis 
in rats. Confluent NCI-H292 cells were pretreated with ethanolic extract, kuwanon E, kuwanon G, mulberrofuran G, or 
morusin for 30 minutes and then stimulated with phorbol 12-myristate 13-acetate (PMA) for 24 hours. The MUC5AC 
mucin secretion and production were measured by enzyme-linked immunosorbent assay. 

Results: AMA stimulated the secretion of airway mucin in sulfur dioxide-induced bronchitis rat model; aqueous extract, 
ethanolic extract, kuwanon E, kuwanon G, mulberrofuran G and morusin inhibited the production of MUC5AC mucin 
induced by PMA from NCI-H292 cells, respectively. 

Conclusion: These results suggest that extract of the root bark and the natural products derived from Morus alba L. can 
regulate the secretion and production of airway mucin and, at least in part, explains the folk use of extract of Morus alba L. 
as mucoregulators in diverse inflammatory pulmonary diseases. 
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Introduction 

Mucus in tlie pulmonary system is very important in defen- 
sive action against various particles, noxious chemicals and 
invading patliogenic microbes. This defensive action of pulmo- 
nary mucus is attributed to the physicochemical property of 
mucins, i.e., viscoelasticity. Mucins are high molecular weight 
glycoproteins present in the airway mucus and produced by 
goblet cells in the surface epithelium as well as mucous cells 
in the submucosal gland. However, hypersecretion of airway 
mucus is one of the major symptoms associated with severe 
pulmonary diseases including clnonic broncMtis, cystic fibro- 
sis, bronchiectasis and asthma' ". Therefore, we suggest it is 
valuable to iind the potential activity of regulating (inliibiting) 
the excess mucin secretion (production) by the compounds 
derived from various medicinal plants. We have tried to in- 
vestigate the possible activities of some naUiral products on 
mucin secretion from cultured airway epithelial cells. As a 
result of our trial, we previously reported that several natural 
compounds affected mucin secretion and/or production 
from airway epithelial cells' \ According to traditional oriental 
medicine, the root bark of Moms alba L. has been used for 
controlling pulmonary inflammatory diseases'" and the natural 
products derived it, kuwanon E, loiwanon G, mulberrofuian G, 
and morusin have been reported to show antibacterial, anti-in- 
flammatoiy, antiviral and anticancer effects '". However, to the 
best of our knowledge, there is no report about the potential 
effect of extract of the root bark of Moras alba L. and loiwanon 
E, kuwanon G, mulberrofuran G, and momsin (Figure 1), the 
natural products derived from it, on production and secretion 
of airway mucin. Therefore, in this study, we checked whether 
extract of die root bark of Moras alba L., kuwanon E, loiwanon 
G, mulberrofuran G, and momsin significantly affect the pro- 
duction and secretion of airway mucin using in vivo and in 
vitro experimental models reflecting the hypersecretion and/ 
or byjierproduction of mucus observed in inflammatory pul- 
monary diseases. For in vivo experiment, effect of aqueous 
extract (AE) of tire root bark of Moras alba L. was checked on 
hyjiersecretion of pulmonary mucin in sulflir dioxide-induced 
bronchitis in rats". For in vitro experiment, effects of AE, etha- 
noUc extract (EE), kuwanon E, kuwtuion G, mulberrofiiran G, 
and morusin were checked on production of airway mucin 
from NCI-H292 ceUs, a human pulmonary mucoepidermoid 
ceU fine, wliich are frequently used for the pmpose of elucidat- 
ing intracelliflar signaling pathways involved in aii way mucin 
production''^ '^. 

Materials and Methods 

1. Materials 

AU the chemicals and reagents used in diis experiment were 
purchased from Sigma (St. Louis, MO, USA) unless otherwise 



specified. Kuwanon E (purity, 98.0%), kuwanon G (purity, 
98.0%), mulberrofriran G (purity, 98.0%), and morusin (purity, 
98.0%) were isolated, purified and identified by analytical 
chemists in the Laboratory of Pharmacognosy, Department 
of Pharmacy, Chosun University (Gwangju, Korea). Briefly, 
the root barks of Moras alba L. were coUected in Gyeongju, 
Gyeongbuk province, Korea in 20 11 and taxonomicaUy identi- 
fied by Professor Jae Hyun Lee in Department of Herbology, 
School of Oriental Medicine, Dongguk University (Gyeongju, 
Korea). The voucher specimen (CSU-1048-17) were deposit- 
ed in the Herbarium of the CoUege of Pharmacy, Chosun Uni- 
versity. The dried root barks of M alba (100 g) were extracted 
tliree times with H,0 and 70% ethanol (EtOH) at 95"C. The ex- 
tracts were filtrated and diied in vacuo to afford H;,0 ext. (20.1 
g) and 70% EtOH ext. (20.4 g), respectively. In order to isolate 
and purify morusin, kuwanon E, kuwanon G, and mulberrofu- 
ran G, the dried root barks of M. alba (12 kg) were extracted 
tliree times with methanol (MeOH) imder reflux and 1,511.6 g 
of residue were produced. The MeOH extract was suspended 
in water and then partitioned sequentially with equal vol- 
umes of dichloromethane (CH;,Ck), ethyl acetate (EtOAc), 
and n-butanol (n-BuOH). Each fractions were evaporated in 
vaccuo to yield the residues of CH.Cl^ (318.2 g), EtOAc (192.2 
g), n-BuOH (182.4 g), and water (534.3 g) extract. The EtOAc 
fraction (53 g) was chromatographed over a sflica gel column 
using a gi^adient solvent system of n-hexane-EtOAc (2:1 to 1:8, 
EtOAc, MeOH) to give five subfractions (E1-E5). Subfraction 
El was subjected to sifica gel column chromatography (CC) 
eluting with a gradient solvent system of n-hex:EtOAc (10:1 to 
4:1, MeOH) to yield seven subfractions (E11-E17). Subfrac- 
tion E15 was purified by MCI gel CC (MeOH:H,0, 3:1) to give 
momsin (122.4 mg). Subfi"action E2 was subjected to MCI gel 
CC eluting with a giadient solvent system of MeOH:H30 (1:1 
to 3:1) to yield sixteen subfractions (E21-E216). Subfraction 
E22 was purified by LiChroprep HP 18 CC (MeOH:H,0, 2:3 
to 1:1) to give norartocarpanone (3.42 mg). Subfraction E24 
was subjected to silica gel CC (CHCl3:MeOH:H20, 12:1:0.1 to 
8:1:0.1) to give sk fractions (E241-E246). Subfraction E245 
was purified by LiChroprep RP 18 CC (MeOH:H,0, 1:1) to 
yield kuwanon G (1,011 mg). Subfraction E27 was purified 
repeated sOica gel CC (CHCl3:MeOH:H,0, 25:1:0.1 to 10:1:0.1) 
and LiChroprep RP 18 CC (MeOH:H,0, 2:3) to yield mul- 
berofriran G (15.9 mg), and loiwanon E (43.7 mg). The physi- 
co-chemical data including 'H NMR, "C NMR, and HSQC of 
these compounds were identical with those reported in the 
fiterature'"". 

2. Animals 

Pathogen-free male Sprague-Dawley rats (Daehan Biolink, 
Seoul, Korea), 5 weeks of age weigliing 200-220 g, were used. 
The animals were housed five per cage and were provided 
with the distilled water and food ad libitum. They were kept 
under a 12 hour light/dark cycle (light on 08:00-20:00) at 



66 



Tuberc Respir Dis 2014;77:65-72 



www.e-trd.org 



Morus alba L. and airway mucin 



Tuberculosis and 
Respiratory Diseases I 




OH O 



Kuwanon E 




OH O 
Kuwanon G 




Mulberrofuran G 




Morusin 



Figure 1. Chemical structure of natural products derived from the root bark of Morus alba L. including kuwanon E (A), kuwanon G (B), mul- 
berrofuran G (C), and morusin (D). 



constant temperature (22.5"C) and humidity (55%). Animals 
were cared through all of the experimental procedures in ac- 
cordance with the Guide for the Care and Use of Laboratory 
Animals regulated by Chungnam National University, Dae- 
jeon, Korea. 

3. Experimental design 

Twenty-five rats were randomly divided into the following 
five groups: normal control; sulfur dioxide (SOaJ-only expo- 
sure; SO , exposure plus aqueous extract of the root bark of 
Morus alba L. (AMA) 100 mg/kg; SO^ exposure plus AMA 
300 mg/kg SO2 exposure plus dexamethasone 0.5 mg/kg. SO2 
was exposed to rats by inhalation and AMA was administered 
per oral. A positive control, dexamethasone, was administered 
to rats via intraperitoneal injection. A 15% solution of sodimii 
metabisulfite was aerosolized into a Plexiglas exposure cham- 
ber, using an ultrasonic humidifier (Samsung Electronics Inc., 
Seoul, Korea). The concentration of sulfur dioxide (SO2) gas 
generated by this apparatus was measured to be 150 ppm. 
Rats were exposed to SO2 for 3 hours per day, 5 days per week, 
3 weeks and AMA was administered during the last 2 weeks 
out of 3 weeks in total. Normal control group were exposed to 



fresh air in a similar environment without SO2 exposure. 

4. Bronchoalveolar lavage fluid (BALF) collection and 
quantitation of in vivo mucins in BALF 

Rats were euthanized on the last day of experiment and the 
trachea was cannulated by using sterile polyethylene tube. 
Bronchoalveolar lavage was performed four times with 5.0 
mL of ice-cold phosphate-buffered saline (PBS; PH 7.4) with 
80% of recovery rate. Floating cells and cell debris were re- 
moved by centrifiigation of BALF at 12,000 xg for 5 minutes. 
The BALF samples were stored at -70"C untO assayed for their 
mucin contents. The amount of mucins in each BALF sample 
was measured by using enzyme-linked immunosorbent as- 
say (ELISA). The BALF samples were prepared with PBS at 
1:10 dilution, and 100 |iL of each sample was incubated at 
42"C in a 96-well plate, until dry. Plates were washed three 
times with PBS and blocked with 2% bovine serum albumin 
(BSA; fraction V) for 1 horn' at room temperature. Plates were 
again washed three times with PBS and then incubated with 
100 |iL of 45M1 (NeoMarkers, Fremont, CA, USA), a mouse 
monoclonal MUC5AC antibody (1:200), which was diluted 
with PBS containing 0.05% Tween 20 and dispensed into each 
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well. After 1 hour, the wells were washed three times with PBS, 
and 100 |iL of horseradish peroxidase-goat anti-mouse IgG 
conjugate (1:3,000) was dispensed into each well. After 1 hour, 
plates were washed three times with PBS. Color reaction was 
developed with 3,3',5,5'-tetramethylbenzidine (TMB) per- 
oxide solution and stopped with IN H^SOj. Absorbance was 
read at 450 nm. 

5. Histopathologic analysis of tracheal tissues 

The combination of the alcian blue and the periodic acid- 
Scliilf (PAS) tecliniques were used for detecting acidic mucins 
in tracheal tissues. Formaldehyde-frxed and paraffin-embed- 
ded tracheal tissues were cut at 5 |im. Sections were stained 
with the standard alcian blue (pH 2.5) method followed by the 
PAS technique. The alcian blue at a pH of 2.5 stained all acidic 
mucins blue'^. 

6. Cell culture and treatment of agents 

NCI-H292 cells, a human pulmonary mucoepidermoid 
carcinoma cell line, were pmxhased from the American Tyjie 
Culture Collection (ATCC, Manassas, VA, USA) and cultured 
(seeding density: 1x10^ cells/well in 24 well plate) in RPMI 
1640 supplemented with 10% fetal bovine serum (FBS) in 
the presence of penicillin (100 units/mL), streptomycin (100 
|ig/mL), and HEPES (25 mM) at 37"C in a humidified, 5% 
COv/95% air, water-jacketed incubator For serum deprivation, 
confluent ceUs (5x10" ceUs/well in 24 well plate) were washed 
twice with PBS and recultured in RPMI 1640 with 0.2% FBS 
for 24 hours. After 24 hours of serum deprivation, ceUs were 
pretreated with AE (1, 10, and 100 |ig/mL), 70% EE (1, 10, 
and 100 |ig/mL), kuwanon E (1, 10, and 100 |iM), kuwanon 
G (1, 10, and 100 |iM), mulberrofliran G (1, 10, and 100 |iM), 
and morusin (1, 10, and 100 |iM) for 30 minutes and treated 
with phorbol 12-myristate 13-acetate (PMA; 10 ng/mL) for 
24 hours in serum-free RPMI 1640, respectively. AE, EE, ku- 
wanon E, kuwanon G, mulberrofuran G, and morusin were 
dissolved in dimethylsulfoxide, diluted in PBS and treated in 
culture medium (final concentrations of dimethylsulfoxide 
were 0.5%), respectively. The final pH values of these solutions 
were between 7.0 and 7.4. Culture medium and 0.5% dimeth- 
ylsulfoxide in medium did not affect mucin production from 
NCI-H292 ceUs. After 24 hours, ceUs were lysed with buffer 
solution containing 20 mM Tris, 0.5% NP-40, 250mM NaCl, 3 
mM EDTA, 3 mM EGTA and protease inliibitor coclctafl (Roche 
Diagnostics, Indianapolis, IN, USA) and coUected to measure 
the production of MUC5AC mucin (in 24-weU culture plate). 

7. MUC5AC mucin analysis using ELISA 

MUC5AC mucin was measured by using ELISA. CeU lysates 
were prepared with PBS at 1:10 dflution, and 100 |iL of each 
sample was incubated at 42"C in a 96-well plate, until dry. 



Plates were washed three times with PBS and blocked with 
2% BSA for 1 hour at room temperature. Plates were again 
washed three times with PBS and then incubated with 100 
|iL of 45M1, a mouse monoclonal MUC5AC tuitibody (1:200, 
NeoMarkers), which was diluted with PBS containing 0.05% 
Tween 20 and dispensed into each well. After 1 hour, the weUs 
were washed tliree times with PBS, and 100 |iL of horseradish 
peroxidase-goat anti-mouse IgG conjugate (1:3,000) was dis- 
pensed into each weU. After 1 hour, plates were washed tliree 
times with PBS. Color reaction was developed with 3,3',5,5'- 
tetramethylbenzidine (TMB) peroxide solution and stopped 
with IN H^SOj. Absorbance was read at 450 nm. 

8. Statistics 

Means of individual group were converted to percent con- 
trol and expressed as mean±SEM. The difference between 
groups was assessed using one-way ANOVA and Duncan's 
Multiple Range test as a post-hoc test. p<0.05 was considered 
as significantly different. 



Results 

1. Effect of AMA on secretion of in vivo airway mucin 
and histopathologic changes in tracheal tissue of rats 
exposed to sulfur dioxide 

As can be seen in Figures 2 and 3, SO2 exposure to rats for 
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Figure 2. Effect of aqueous extract of the root bark of Moms alba 
L. (AMA) on secretion of in vivo airway mucin from rats exposed 
to sulfur dioxide. Rats were exposed to sulfur dioxide and effect 
of orally-administered AMA on secretion of in vivo airway mucin 
was investigated. Tliree independent experiments were performed 
and tlie representative data were sliown. Eacli bar represents a 
meantSEM from 5 rats. Concentration unit is mg/kg body weiglit. 
"Significantly different from control (p<0.05). ^Significantly different 
from SO2 alone (p<0.05). Dexa: dexamethasone; SOj: sulfur dioxide. 
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3 weeks resulted in significant increase in mucin secretion positive control, significantly inhibited mucin secretion and 
and mucosubstances (acidic mucins) in tracheal tissues, mucosubstances (acidic mucins) in tracheal tissues, due to 
compared witli the normal control group. Dexamediasone, a its prominent antiinflammatory effect. However, AMA stimu- 




SO2+AMA3OO SOj+Dexamethasone 



Figure 3. Effect of aqueous extract of the root bark oi Morus alba L. (AMA) on epithelial mucosubstances in trachea of rats exposed to sulfur 
dioxide. Rats were exposed to sulfur dioxide and effect of orally-administered AMA on epithelial mucosubstances (acidic mucins) in trachea 
was investigated as described in Materials and Methods (x200; hematoxylin and eosin and periodic acid-Schiff-Alcian Blue staining; blue, 
mucins). 
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Figure 4. Effects of aqueous extract and 70% ethanolic extract oiMorus alba L. on phorbol 12-myristate 13-acetate (PMA)-induced MUC5AC 
production from NCI-H292 cells. NCI-H292 cells were pretreated with varying concentrations of aqueous extract (AE) (A) and 70% ethanolic 
extract (EE) (B) oi Morus alba L. for 30 minutes and then stimulated with PMA (10 ng/mL) for 24 hours. Cell lysates were collected for mea- 
surement of MUC5AC mucin production by enzyme-linked immunosorbent assay. Three independent experiments were performed and the 
representative data were shown. Each bar represents a meantSEM of 3 culture wells in comparison with that of control set at 100%. Concen- 
tration unit is )j,M. "Significantly different from control (p<0.05). ^Significantly different from PMA alone (p<0.05). 
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lated the secretion of mucin and mucosubstances (acidic 
mucins) in tracheal tissues of rat. The amounts of mucin in the 
BALF samples were 100±18%, 217±20%, 295±57%, 386±45% 
and 98±21% for control, SO, alone, SO, plus AMA 100 mg/kg, 
SO, plus AMA 300 mg/kg, and SO, plus dexamethasone 0.5 
mg/kg, respectively (Figure 2). 

2. Effects of AE and 70% EE of Morus alba L. on PMA- 
induced MUC5AC production from NCI-H292 cells 

As can be seen in Figure 4, AE and 70% EE of Morus alba 
L. significantly inliibited PMA-induced MUC5AC production 
from NCI-H292 cells, respectively. The amounts of mucin 
in the cells of AE-treated cultures were 100±7%, 528±6%, 
379±73%, 165±10%, and 123±9% for control, 10 ng/mL of 
PMA alone, PMA plus AE 1 |ig/mL, PMA plus AE 10 |ig/mL 
and PMA plus AE 100 |ig/mL, respectively (Figure 4A). The 



amounts of mucin in the cells of 70% EE-treated cultures were 
100±7%, 528±6%, 262±91%, 216±25%, and 120±5% for control, 
10 ng/mL of PMA alone, PMA plus EE 1 |ig/mL, PMA plus EE 
10 |ig/mL, and PMA plus EE 100 |ig/mL, respectively (Figure 
4B). 

3. Effects of kuwanon E, kuwanon G, mulberrofuran G, 
and morusin on PMA-induced MUC5AC production 
from NCI-H292 cells 

As can be seen in Figure 5, kuwanon E, laiwanon G, mulber- 
rofuran G, and morusin significantly inhibited PMA-induced 
MUC5AC production from NCI-H292 cells, respectively. The 
amounts of mucin in the cells of kuwanon E-treated cultures 
were 100±1%, 308±17%, 290±5%, 159±9%, and 32±1% for 
control, 10 ng/mL of PMA alone, PMA plus kuwanon E 10 
M, PMA plus kuwanon E 10 M, and PMA plus kuwanon E 
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Figure 5. Effects of kuwanon E (A), kuwanon G (B), mulberrofuran G (C), and morusin (D) on phorbol 12-myristate 13-acetate (PMA)-induced 
MUC5AC production froin NGI-H292 cells. NCI-H292 ceUs were pretreated with varying concentrations of each compound for 30 minutes 
and tlien stimulated with PMA (10 ng/mL) for 24 hours, respectively. Cell lysates were collected for measurement of MUC5AC mucin pro- 
duction by enzyine-linked immunosorbent assay. Three independent experiments were performed and the representative data were shown. 
Each bar represents a mean±SEM of 3 culture wells in comparison with that of control set at 100%. Concentration unit is ^M. *Significandy 
different from control (p<0.05). *Significandy different from PMA alone (p<0.05). 
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10 '' M, respectively (Figure 5A). The amounts of mucin in the 
cells of kuwanon G-treated culUires were 100±1%, 308±17%, 
286±19%, 204±18%, and 23±1% for control, 10 ng/niL of PMA 
alone, PMA plus kuwanon G 10 M, PMA plus kuwanon G 
10 " M, and PMA plus kuwanon G 10"^ M, respectively (Figure 
5B). The amounts of mucin in the cells of mulberrofiiran G- 
treated cultures were 100±5%, 205±5%, 172±24%, 20±1%, and 
18±1% for control, 10 ng/niL of PMA alone, PMA plus mul- 
berrofuran G 10 M, PMA plus mulberrofuran G 10 '"^ M, and 
PMA plus mulberrofuran G 10"^ M, respectively (Figure 5C). 
The amounts of mucin in the cells of monasin-treated cultures 
were 100±5%, 446±14%, 451±22%, 364±12%, and 339±8% for 
control, 10 ng/mL of PMA alone, PMA plus morusin 10 M, 
PMA plus morusin 10"^ M, and PMA plus morusin 10"^ M, re- 
spectively (Figure 5D). 



Discussion 

As aforementioned in introduction, although the root bark 
of Morus alba L. was used for the regulation of inflamma- 
tory pulmonary diseases in folk medicine, there is no report 
about the pharmacologic action of extract of Morus alba L., 
kuwanon E, kuwanon G, mulberrofuran G, and morusin on 
airway mucin secretion and production from inflammatory 
pulmonary disease model. As can be seen in results, SO2 expo- 
sure via aerosolized sodium metabisulfite to rats for 3 weeks 
resulted in significant increase in mucin secretion and mu- 
cosubstances (acidic mucins) in tracheal tissues, compared 
with the normal control group (Figure 2). Dexamethasone, 
a positive control, showing prominent anti-inflammatory ef- 
fect, significantly inhibited mucin secretion and the amount 
of mucosubstances (acidic mucins) in tracheal tissues. How- 
ever, AMA stimulated the secretion of airway mucin and 
mucosubstances (acidic mucins) in tracheal tissues in this rat 
model. This result can explain, at least in part, the traditiontil 
use of AMA as expectorants for controlling various pulmo- 
nary inflammatory diseases that are accompanied by mucus 
hypersecretion. AMA might stimulate the secretion of airway 
mucus and then remove the mucus from airway by induc- 
ing cough reflex. AMA can provoke the expeUing of spuUim 
through inducing cough reflex via stimulation of secretion of 
mucus in airway luminal surface under inflammatory status. 
Dexamethasone, one of the corticosteroidal compounds 
used as a remedy for inflammatory diseases, might suppress 
the overproduction of in vivo airway mucin and resultantly 
might decrease the amount of secretion of mucin, under in- 
flammatory condition. Since AMA showed the stimulatory 
action on airway mucin secretion in in vivo model, we tried 
to investigate which component of AMA can contribute to its 
pharmacologic activity. Among the twenty one MUG genes 
coding human mucins reported to date, MUC5AC was mainly 
expressed in goblet ceUs in the airway surface epithelium'^"". 



PMA was reported to stimulate the endogenous activator of 
protein kinase C (PKC), diacylglycerol'^' and to be an inflam- 
matory stimulant that can control a gene transcription'^'', ceU 
growth and differentiation'^^ PMA also can induce MUC5AC 
gene expression in NCI-H292 ceUs^. PMA activates a type of 
PKC isoforms. This activates matrix metalloproteinases, which 
cleave pro-epidermal growth factor receptor (EGFR) ligands 
from the ceU surface to become mature EGFR ligands. These 
ligands bind to the EGFR, provoking the phosphorylation 
of its intracellular tyrosine kinase. This leads to activation of 
MEK leading to ERK activation. Following is the activation 
of the transcription factor (Spl) and binding of the factor to 
specific sites with the MUC5AC gene promoter EvenUially, 
the promoter is activated and produced the gene transcrip- 
tion and translation to MUC5AC mucin protein''^. Based upon 
these reports, we investigated the effects of AE and 70% EE of 
Morus alba L. on PMA-induced MUC5AC mucin production 
from NCI-H292 ceUs, a human pulmonary mucoepidermoid 
ceU line. As shown in results, AE and 70% EE of Morus alba 
L. inhibited the production of MUC5AC mucin induced by 
PMA, respectively (Figure 3). Also, kuwanon E, kuwanon G, 
mulberrofi-uan G, and morusin, the naturtil products derived 
from Morus alba L., inhibited the production of MUC5AC 
mucin induced by PMA, respectively (Figure 4). The produc- 
tion and the secretion of aii"way mucin are loiown to be regu- 
lated through separate signaling steps'^. However, based just 
on the result of this study, we cannot explain the reason AE, 
70% EE and the single compounds derived from Morus alba 
L., kuwanon E, kuwanon G, mulberrofuran G, and morusin, 
inhibited the production of airway mucin, although AE of 
Morus alba L. stimulated fire secretion of airway mucin. This 
result might be interpreted that, although AE of Morus alba 
L. can stimulate the secretion of airway mucin already pro- 
duced by inflammatory condition, AE and EE and the single 
compounds derived from it can inhibit de novo production 
of airway mucin under inflammatory or stimulatory condi- 
tions. This interpretation of the result is coincident with the 
record that AE of Morus alba L. was utilized as a folic remedy 
which shows an antiinflmmatory activity (decrease in mucin 
production) and expectorating (increase in mucin secretion) 
activity''. The underlying mechanisms of action of these single 
compounds on MUC5AC mucin secretion and production 
are not clear at present, although we are investigating whether 
kuwanon E, kuwanon G, mulberrofuran G and morusin act 
as a potential regulator of the mitogen-activated protein ki- 
nase cascade and/or a potential regulator of nuclear factor- 
kB signaling pathway, in mucin-producing NCI-H292 cells. 
In summary, these results can explain, at least in part, the folk 
use of AMA as expectorants and anti-inflammatory agents for 
controlling various pulmonary inflammatory diseases that 
are accompanied by hyjiersecretion of mucus. We suggest it 
is valuable to find the natural products that have specific regu- 
lative effects on mucin production and secretion— in view of 
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both basic and clinical sciences— and the result from this study 
suggests a possibility of developing kuwanon E, kuwanon G, 
mulberiofuran G, and morusin as a candidate for the new 
efficacious mucoregualtors for inflammatory pulmonary dis- 
eases, although fruther studies aie essential. 
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